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(54) DC offset correction circuit and AGC In zero-if wireless receivers 



(57) In Direct Conversion receivers the baseband 
analog modulated signal is produced directly from the 
high frequency signal received at the antenna. As the 
baseband signal is extended to zero intermediate fre- 
quency, an error signal (at DC or of very low frequency) 
is added. The spectrum of the modulated signal over- 
laps with the one of the error signal. Consequently sat- 
uration at the following stages or deterioration at the per- 
formance of the demodulator could occur. 

The level of the error signal depends upon the fre- 
quency and the power of the received signal at the an- 
tenna, the frequency and the level of the LO signal, the 
power supply level, the temperature, as well as the en- 
vironment that surrounds the receiver (high frequency 
signal leaks to the antenna, radiated and reflected from 
moving objects back to the receiver). 

The baseband signal is sampled and converted to 
digital by ADC converters. The method proposed in- 
cludes a dynamic calculation of the error signal value, 
using as input each digital sample, through an algorithm 
that is implemented in digital circuitry. The value of the 
calculated error function is updated in every sample and 
through DAC converters is subtracted at the output of 
the mixers. The correction of the error signal is com- 
bined with the AGC control signal which is calculated 
also through the digital algorithm and can also be up- 
dated in every sample. 

In this way any low frequency component at the er- 
ror signal could be tracked and corrected. This is very 
important when the low level signal is present as the am- 
plification gain through the AGC is high . In that case any 
error signal added ( usually its level is much higher than 
the one of the received signal) could overflow the fol- 



lowing stages. 

Another point is that in the case of a significant 
change at both the values of the error signal and the 
power of the received signal the algorithm converges to 
the new values. 

The algorithm includes also the correction of the 
static DC offset (at he case that no signal is present at 
the antenna) through a separate DAC converter. 
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Description 

BACKGROUND OF THE INVENTION 
[0001] 
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signal added ( usually its level is much higher than the one of the received signal ) could overflow the following stages. 
[0010] In the case of a significant change in both the values of the error signal and the power of the received signal 
the algorithm converges to the new values. 

[0011] The algorithm also includes the correction of the static DC offset (in the case that no signal is present at the 
antenna) through a separate DAC converter 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For better understanding of the invention, the following description should be read in conjunction with the 
accompanying drawings: 

Fig. 1 shows a direct conversion receiver which includes the invented Offset Correction Algorithm, OCA and the 

Automatic Gain Control Algorithm, AGCA; 
Fig. 2 shows the t and Q baseband signals at the output of the mixers; 
Fig. 3 shows the generated analog correction signals for the DC offset; 

[0013] The results presented at the figures 2,3 refer to the block diagram presented at the figure 1 . 
[0014] The results are indicative concerning the performance of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] The objective of the present invention is to provide an offset correction method, that could cope with the DC 
errors produced by every source in a wireless receiver. The method suggested is also combined with an Automatic 
Gain Control, AGC, function. 

[0016] A first source of offset is due to the non-infinite isolation between the Local Oscillator, LO 3, port and the 
inputs of the mixers, 4 and 5, and the Low Noise Amplifier, LNA 1 , port which is called local oscillator leakage. The 
signal provided by the local oscillator partly leaks to mixer input and the LNA input. This is caused by capacitive or 
inductive crosstalk. The result of the crosstalk at both cases is added at the received signal, at the mixer's input port. 
Consequently the mixermultiplies the received signal with the local oscillator signal. The result of this operation Includes 
the square of the local oscillator signal multiplied by an attenuation factor (depends on the achieved isolation), which 
is a DC part. The resulted offset depends on the level of the local oscillator signal, and varies with the frequency of the 
local oscillator signal (normally increases with frequency). 

[0017] A second source of offset is due also to the non-infinite isolation between the LNA input port and the LO port 
of the mixer and it is called self-mixing. The signal appearing at the inputs of the LNA and the mixer partly leaks to the 
LO input port of the mixer. The result of the multiplication operation, performed by the mixer, includes a DC part. The 
value of the DC part depends on the square of the received signal multiplied by an attenuation factor. The resulted DC 
offset depends on the frequency of the received signal (increases with frequency), as well as on its power level. The 
dynamic range of the DC offset in this case is wide due to the wide dynamic range of the received signal. 
[0018] A third offset source is caused when the local oscillator signal leaks to the antenna and is radiated and sub- 
sequently reflected from moving objects back to the receiver. This case of self-mixing varies with time. For example 
when a car moves at a high speed, the reflections may change rapidly. Thereby a part of the local oscillator signal is 
added to the received signal, Introducing an offset at the mixer's output port. The resulted DC offset depends upon the 
frequency and the level of the local oscillator signal. Since this offset is due to leakage via the environment it is also 
influenced by the position of the receiver. 

[0019] A fourth source is due to the components' mismatches and depends on the power supply level and the tem- 
perature. 

[0020] The DC offset introduced by the first and fourth mentioned sources could theoretically be measured and 
compensated at fabrication, as it depends on the frequency and the level of the local oscillator signal and the compo- 
nents' mismatches. However the level of the DC offset at all cases varies with temperature, time and part. Also there 
is an additional cost at production, as the measurements and the compensation procedure should be perfomned at 
each part. 

[0021] The DC offset introduced by the second and the third offset source consists of unpredictable parts, as it is 
depended upon the power level and the frequency of the received signals and the position of the receiver. Another 
important point is the possibility of a low frequency wander to be present and of a change at the DC offset level during 
the slot time window due to the third DC offset source. 

[0022] Another important problem . is the wide dynamic range of the RF signal at the antenna. The RF signal is 
translated, after downconversion, to a wide dynamic range, baseband signal. The low level, input signals deteriorate 
the signal-to-noise ratio SNR perfomnance of the baseband part. In order to suppress the dynamic range of the base- 
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Where, 



Si(t): the received signal for I component at the mixer's 4 output 
S (t). the received signal for Q component at the mixer's 5 output 

immmmm 

channel and down-conversion LO In Tx and Rx at the desired 

A«,2 - A01 = k X «,^. k=1 ,2 (och IS the channel spacing frequency 

Sgn^s%rnrrro=^^ 

perfomied at the digital part. We present the Si&Sq f un«^^^^^^^^ ^"^"^ '^"^ ««'«ction Is 

one for simplicity reasons. At the case that the errar sSnai. 'i*^^ > "^'"9 "^"--^ <=hannel except the desired 

the following equations are valid ^^'^ "oth modulation components 



Sie(t) = Si(t)H.err,(t) 



Sqe(t) = Sq(t) + err,(t) 
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where, 

erri(t) ; error signal from downconversion, added at Sj(t) 
errq(t) : error signal from downconversion, added at Sq(t) 

5 

[0028] Considering that at the errj(t) & errq(t) low frequency components are present and after analog to digital con- 
version at 16 and 17, the following equations are extracted by differentiating the signal power (Sje^+Sqg^) ; 

F{n • + r^) = err^x G(n • + T^) + err^ x H(n-T^+ T^) (6) 

where: 

T^: conversion rate of the 1 6 and 17 ADC converters 
errj & errq: are to be calculated 

G(n»Ts), H(n»Ts), F{n»Ts): can be calculated using Sje(t) and Sqe(t) 

[0029] Using the equations (5) & (6) the err| and en-q can be calculated. All the calculations are performed at the 
digital part, after the 1 6 and 17 ADC converters. The error factor is independent of the Tg value. 
[0030] By using the values of the errj and errq as inputs to digital filters and converting the digital signals to analog 
ones (23 and 24 DAC converters), the correction analog signals are generated. The closed loop transfer function of 
the filters should be of Low Pass type. The transfer function of the open loop filter is the following: 

[0031] The closed loop transfer is the following: 

Hc(z) = + (8) 

[0032] Both transfer functions are very easy to implement using digital circuitry. 

[0033] When no signal Is present at the antenna the above algorithm Is bypassed. The Input samples through the 
16 and 17 ADO converters should be of constant value and they represent the static DC offset error, caused mainly 
by the mixers' 4 and 5 Internal asymmetries and the LO 3 feedthrough. The input samples are used as input through 
the digital filters 20, 21 and 22. The calculated values at the filters' outputs are used as initial values when signal is 
present at the antenna, so as to minimize the settling time of the algorithm. 

[0034] Another important factor for the settling time is the conversion rate of both ADC (16 and 17) and DAC (23, 
24, 25) converters and the characteristics of the digital fitters (20, 21 , 22). A trade off between settling time and high 
speed converters (increased power consumption), gate count at the filters is necessary for the optimization according 
to the specifications. 

[0035] The baseband analog signals, after DC offset Correction at subtracters 6 and 7 are adjusted to the desired 
level through the Automatic Gain Control, AGC 8 and 9, block and multipliers 12 and 13 with standard gain value, get 
14 and 15, as it is shown at the block diagram of the receiver at the figure 1 . The Automatic Gain control Algorithm, 
AGCA 19, which calculates the peak value of the S^q{X) and S^^it) input signals, uses the following formula: 

S/e^(0+S^/(0 (9) 

[0036] The calculation of both the DC offset and the peak value, for each input, is updated at every digital sample 
at the digital part. In that way the correction signals track any low frequency wander at both the DC offset and the peak 
value. This is very important at the case of high gain present at the loop. An uncorrected wander at the error signals 
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results to overflow the following stages 
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(54) DC offset correction circuit and AGC in zero-if wireless receivers 



(57) In Direct Conversion receivers the baseband 
analog modulated signal is produced directly from the 
high frequency signal received at the antenna. As the 
baseband signal is extended to zero intennediate fre- 
quency, an error signal (at DC or of very low frequency) 
is added. The spectrum of the modulated signal over- 
laps with the one of the error signal. Consequently sat- 
uration at the following stages or deterioration at the per- 
formance of the demodulator could occur. 

The level of the error signal depends upon the fre- 
quency and the power of the received signal at the an- 
tenna, the frequency and the level of the LO signal, the 
power supply level, the temperature, as well as the en- 
vironment that surrounds the receiver (high frequency 
signal leaks to the antenna, radiated and reflected from 
moving objects back to the receiver). 

The baseband signal is sampled and converted to 
digital by ADC converters. The method proposed in- 
cludes a dynamic calculation of the error signal value, 
using as input each digital sample, through an algorithm 
that is implemented in digital circuitry. The value of the 



calculated error function is updated in every sample and 
through DAC converters is subtracted at the output of 
the mixers. The correction of the error signal is com- 
bined with the AGC control signal which is calculated 
also through the digital algorithm and can also be up- 
dated in every sample. 

In this way any low frequency component at the er- 
ror signal could be tracked and corrected. This is very 
important when the low level signal is present as the am- 
plification gain through the AGC is high. In that case any 
error signal added ( usually its level is much higher than 
the one of the received signal) could overflow the fol- 
lowing stages. 

Another point is that in the case of a significant 
change at both the values of the error signal and the 
power of the received signal the algorithm converges to 
the new values. 

The algorithm includes also the correction of the 
static DC offset (at he case that no signal is present at 
the antenna) through a separate DAC converter. 
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